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(57] ABSTRACT

A flexible polyurethane foam formulation which is non-
reactive at or near ambient temperatures is provided.
The formulation comprises a polyisocyanate, a poly-
functional active hydrogen containing compound, an
amine catalyst, a blowing agent and a polyether acid.
The formulation which becomes reactive above 40° C.
has the advantage, over similar systems based on formic
acid, that the polyurethane foam is not tight and does
not suffer from skin peeling.

4 Claims, No Drawings
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PROCESS FOR PREPARING POLYURETHANE
FOAMS IN THE PRESENCE OF A POLYETHER
ACID

This is a divisional application of Ser. No. 146,695,
filed Jan. 21, 1988, now U.S. Pat. No. 4,764,541.

The present invention relates to polyurethane foam
formulations and to a process for preparing polyure-
thane foam. In particular the invention relates to the use
of polyether acids to delay or slow down the rate of
polyurethane foam formation in such processes.

It is known that formic acid can be used to slow down
the rate of flexible polyurethane formation in formula-
tions which use amines as a catalyst (see for example J.
Cellular Plastics ((September/October) 250 (1975)). It is
believed that when the formic acid is added to the for-
mulation it reacts with the amine forming a formate salt
of the amine which is catalytically inactive. It is also
known that raising the temperature of such formula-
tions restores catalytic activity hence it is thought that
at higher temperatures. the formate salt of the amine
dissociates into formic acid and amine and that the
amine, once released, catalyses the polyurethane form-
ing reaction.

The technique described above is especially useful in
the manufacture of moulded flexible polyurethane foam
parts where it is desirable to make the moulding time as
short as possible (rapid demould applications). In such
situations the polyurethane foam formulation requires
very high catalyst concentrations to ensure fast curing.
Without the use of formic acid to delay the polyure-
thane forming reaction, the formulation reacts so
quickly that it becomes too viscous to flow easily either
during pouring or within the mould. The technique is
also useful in producing flexible polyurethane slab.

A problem arises however when formic acid is used
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in such rapid demould applications. In certain formula-

tions it is noticeable that the use of formic acid leads to
foam tightness and to peeling of the skin of the polyure-
thane.

A class of acids has now been identified which, whilst
exhibiting the properties of formic acid described
above, do not suffer the drawbacks-described- above.
The class of acids identified are hereafter termed poly-
ether acids. .

Accordingly, the present invention provides a poly-
urethane foam formulation, which is non-reactive at
ambient temperatures, prepared by mixing a polyisocy-
anate, a polyfunctional active hydrogen containing
compound, an amine catalyst, a blowing agent and a
polyether acid.

The polyisocyanate components employed in this
invention are preferably those having the general for-
mula: :

Q(NCO);

- wherein i is an integer of two or more and Q is an or-
ganic radical having the valence of i. Q can be a substi-
tuted or unsubstituted hydrocarbon group (e.g. an al-
kylene or an arylene group). Q can also be a group
having the formula Q'—~Z—Q’ where Q' is an alkylene
or arylene group and Z is —Q—, —0—Q'—, —CO—,
—8—, —8§—Q'—S—, or —SO;—. Examples of such
compounds include hexamethylene diisocyanate, 1,8-
diisocyanato-p-menthane, xylene diisocyanate, 1-meth-
yl-2,4-diisocyanatocyclohexane, phenylene diisocya-
nate, tolylene diisocyanates, chlorophenylene diisocya-
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2 .
nates, diphenylmethane-4,4'-diisocyanate, naphthalene-
1,5-diisocyanate,  triphenylmethane-4,4',4" -triisocya-
nate, and isopropylbenzene-alpha-4-diisocyanate.

Q can also represent a polyurethane radical having a
valence or i in which case Q(NCO); is a composition
conventionally known as a pre-polymer. Such pre-
polymers are formed by reacting a stoichiometric ex-
cess of a polyisocyanate as set forth hereinbefore and
hereinafter with an active hydrogen-containing compo-
nent as set forth hereinafter, especially the polyhy-
droxyl or polyamine containing materials.

Further included among the isocyanates useful in this
invention are the dimers and trimers of isocyanates and
diisocyanates and polymeric diisocyanates such as those
having the general formula:

[Q"(NCO)y);

in which i and j are each integers of two or more, and
Q" is a polyfunctional organic radical, and/or, as addi-
tional components in the mixtures, compounds of the
general formula:

L(NCO);

in which i is one or more and L is a monofunctional or
polyfunctional atom or radical. Examples of this type
include ethylphosphonic diisocyanate, C;H,P(O)—N(-
NCO)y; isocyanates derived from sulfonamides
(QSO2NCO), cyanic acid, and thiocyanic acid.

More specifically, the polyisocyanate component
employed in this invention also includes the following
specific compounds as well as mixture of two or more
of them; 2,4-tolylene diisocyanate, 2,6-tolylene diisocy-
anate, crude tolylene diisocyanate, bis(4-isocyanato-
phenyl)methane (MDI), polyphenylmethylene polyiso-
cyanates that are produced by phosgenation of aniline
formaldehyde condensation products (crude MDI),
dianisidine diisocyanate, toluidine diisocynate, xylylene

diisocyanate, bis(2-isocyanatoethyl)fumarate, bis(2-
isocyanatoethyl)barbonate, 1,6-hexamethylene- .
diisocyanate, 1,4-tetramethylene-diisocyanate, 1,10-

decamethylene-diisocyanate, cumene-2,4-diisocyanate,
4-methoxy-1,3-phenylene-diisocyanate, 4 chloro-1, 3-
phenylenediisocyanate, 4-bromo-1,3-
phenylenediisocyanate, 2-ethoxy-1,3-
phenylenediisocyanate, 2,4'-diisocyanatodiphenylether,
5,6-dimethyl-1,3-phenylenediisocyanate, 2,4-dimethyl-
1,3-phenylenediisocyanate,  4,4'-diisocyanatodiphen-
ylether, bis 5,6-(2-isocyanatoethyl)(bicyclo 2.2.1)hept-
2-ene, benzidenediisocyanate, 4,6-dimethyl-1,1,3 pheny-
lene 9.10-anthracenediisocyanate, 4,4'-diisocyanatodi-
3,3-dimethyl-4.4'-diisocyanatodiphenylme-
thane, 2,6-dimethyl-4,4'diisocyanatodiphenyl,  2,4-
diisocyanatostilbene, 3,3'-dimethoxy-4,4'-
diisocyanatodipheyl, 1,4-anthracene diisocyanate, 2,5-
fluorenediisocyanate, 1,8-naphthalene diisocyanate, 2,6~
diisocyanatobenzfuran, 2,4,6-toluene triisocyanate, and
many other organic polyisocyanates that are known in
the art, such as those that are disclosed in an article by
Siefken, Ann. 562, 75 (1949).

Most preferably the polyisocynate is selected from
TDI, MDI, mixtures of TDI and MDI and prepolymers
of TDI, MDI or such mixtures. _

As regards the polyfunctional active hydrogen con-
taining compound, this is a compound containing at
least two and not usually more than six hydrogens
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which are reactable with isocyanate groups. Examples
of groups containing active hydrogens are hydroxyl
groups, amine groups and amide groups. A suitable
class of polyfunctional active hydrogen containing
compounds are the polyhydroxyl compounds such as
polyols. When a polyol is used it is preferably a poly-
ether polyol produced by alkoxylation of (1) low mo-
lecular weight diols and triols or naturally occurring
polyols (2) non reducing sugars and drivatives thereof
(3) phosphoric, phosphorus, and polyphosphoric acids.
Examples of such compounds are the alkylene oxide
adducts of ethylene glycol, propylene glycol, glycol,
glycerol, the isomeric butanediols, hexanediols, ac-
tanediols and the like. Alkylene oxide adducts of penta-
erythritol, sorbitol, arabitol, mannitol alkyl glucoside,
alkylene glycol glucosides and glycerol glucosides are
also contemplated. The polyol may also be a polyester
polyol or a polytetramethylene glycol.

In general it is desirable that the alkylene oxide used
to form the adduct is a lower alkylene oxide having
from 2 to 4 carbon atoms. Preferred examples are ethyl-
ene oxide, propylene oxide, the butylene oxides or mix-
tures thereof.-

With such a large number of polyols available for use
with the above invention, the choice of polyol will
depend very much upon the application for which the
polyol is used. For example the choice will reflect the
choice of physical characteristics for the final polyure-
thane. In choosing the polyol, an important consider-
ation is its hydroxyl number, that is the average number
of free hydroxyl groups per polyol molecule, since this
reflects the number of sites available, on the polyol for
reaction with isocyanate. Broadly speaking, the larger
the hydroxyl number of the polyol the more sites avail-
able for participation in the urethane linkage forming
reaction and hence the more rigid the foam or elastomer
formed. The hydroxyl number of the polyol is conve-
niently between 10-150 and. preferably between 20 and
60.

The polyols should have viscosities in the range
100-5000 centipoise at ambient temperature, preferably
in the range 100-2000.

Included within the definition of polyol are those
polyether polyols onto which has been grafted poly-
meric materials. Such polymer polyols comprise for
example a polyether polyol of the type described above
modified, by grafting, to include a polymer of one or
more ethylenically unsaturated monomers. Typically
the polymer is a copolymer of styrene and acrylonitrile.
Preferably the level of polymer in such polymer polyols

is such as to comprise between 10 and 60% by weight of

the total.

As the polyurethane forming reaction is based cat-
alysed, the presence of amines in the formulation in-
creases the rate of reaction. For the formulations con-
templated herein suitable amines include tertiary amines
and urea. Examples include triethylamine, tributyl-
amine, N-methyl morpholine, N,N,N’,N’-tetrame-
thylethylene diamine, 1,4-diazabicyclo-(2,2,2)-octane,
N,N-dimethyl benzylamine, bis-(N,N-diethylaminoe-
thyl)-adipate, N,N-dimethylcyclohexylamine, tetra-
methyl hexamethylene diamine, piperazine, 1,2-
dimethyl imidazole, 2-methylimidazole. Tertiary
amines having isocyanate-reactive hydrogen atoms can
also be used and examples include triethanolamine tri-
propanolamine, triisopropanolaine, N-methyl diethan-
olamine, N-ethyl diethanolamine, N,N-dimethyle-
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thanolamine and their reactions products with ethylene
oxide and/or propylene oxide.

The blowing agent used is suitably either water or a
volatile organic compound. Suitable volatile organic
blowing agents include acetone ethyl acetate, methy-
lene chloride, chloroform, ethylidene chloride, vinyli-
dene chloride, monofluorotrichloromethane, chlorodi-
fluoromethane, dichlorodifluoromethane, butane, hex-
ane, heptane and diethyl ether.

The polyether acids used in the present process to
slow down/delay the polyurethane forming reaction
are compounds having the formula:

ROCH;CH;0(CH;CH;0),,(CH2CH(CH3)0) R !

where m and n are independently zero or an integer
from 1 to 20, R is selected from C; to Cg alkyl groups,
—CHCO;H—CO(CH;)2CO:H or hydrogen and R! is
either —CH,CO2H or CO(CH2)2CO2H. Examples of
such acids include CH3;0CH;CH,OCH,CO;H,
CH30(CH;CH,0);CH,CO2H, HO,;CCH,;0O(CH,C-
H,;0),CH,;CO3H, HO,;CCH,0(CH,CH;0),CH-
2COH(p=10-12), HOCH,;CH;O(CH,C-
H,0),CH,CH;CO,H (q=1-20) and HOCH,CH,OCH-
2CO2H. A preferred polyether acid is HO,CC-
H,0(CH,CH;0),CH,COzH (p=10-12) as it produces
a salt soluble in the formulation.

The polyether acid should be present in the formula-
tion in amounts such that there are at least sufficient
carboxylic acid groups present to react with at least 5
mole % of the amine catalyst preferably 10-80 mole %.
Preferably the polyether acid and the amine are prere-
acted before addition to the formulation to form the
acid salt of the amine.

The polyurethane foam formulations of the present
invention are charactersied by being non-reactive (i.e.
non-foaming) at ambient temperatures. By ambient tem-
peratures is meant a temperature between 10° and 35° C.

Formulations of the type described above can be used
in polyurethane foam moulding where it is necessary to
achieve rapid demould times. Accordingly in an em-
bodiment of the present invention there is provided a
process for preparing polyurethane foam which com-
prises (1) preparing a polyurethane foam formulation as
described above at ambient temperature, (2) introduc-
ing the polyurethane foam formulation into a mould,
under conditions such that the polyurethane forming
reaction substantially occurs when the polyurethane
foam formulation is in the mould.

A process of the type described above can be
achieved by preparing the polyurethane foam formula-
tions at ambient temperature and pouring into a mould
heated to between 40° and 60° C. The mould is then
closed and foaming allowed to take place. Once the
foaming has taken place the polyurethane foam can be
cured and demoulded in the usual way.

The invention is now illustrated by the following
Examples.

EXAMPLE 1 AND COMPARATIVE TESTS A
AND B

Three separate formulations were prepared at 25° C.
and poured into 9 liters moulds maintained at 40° C. The
foam of Comparative Test B started to cream and foam
immediately upon formulation. Each mould was closed
hen addition was complete and the contents demoulded
2 minutes later. The demoulded parts were inspected
visually giving the following results.
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EXAMPLE 1 TABLE-continued
Formulation Comparative ~ Comparative
(Polyglycollic Acid) (parts by weight) Example Test A Test B
: . , , - 5 Formic Acid - 0.08 -
Good cure after 2 minutes with no skin peehng and a Polyol 1315 = a mixture of 30% polyol CP2 (polyether polyol ex BP Chemicals)
() . and 70% polyol PP2 (polymer polyol ex BP Chemicals)
minimum of shrmkage. Amine f\l = catalyst ex UCC
Amine 33LV = catalyst ex UCC
: DBTL/RC2044 = tin catalyst (ex BP Chemicals)
COMPARATIVE TEST A Silicone RS 120 = sli‘lli:oan: Z:rf:::xtant (ex ;"i"lcca;emicals)
. . 10 Silicone SH 209 = silicone surfactene (ex BP Chemicals)
(Formic Acid) 1SO 80/20 TDI/MDI = 80% by cut TDI (80:20) and 20% by at crude MDI
‘Polyglycollic acid = HO»CCH3(OCH;CH,),0CH;CO;H (where , = 10-12)
_ Good cure after 2 minutes but serious shrinkage and :
skin peeling. We claim:
P & . 1. A flexible polyurethane foam formulation, which is
COMPARATIVE TEST B 15 non-reactive at ambient temperatures, prepared by mix-
ing a polyisocyanate, a polyfunctional active hydrogen
(No Additive) containing compound, an amine catalyst, a blowing
. . agent and a polyether acid.
Serious permanent deformation of foam. 2. A flexible polyurethane foam formulation as
TABLE 20 claimed in claim 1 wherein the polyether acid is se-
: , lected from the group consisting of CH3OCH>C-
Formulation Comparative ~ Comparative H>OCH,CO;H, CH;30(CH;CH,0),CH>CO»H,
(parts by weight) Example Test A Test B HO,CCH,0(CH2CH;0),CH,CO,H, HO,CC-
H;0(CH,;CH0),CH,COzH - (p=10-12), HOCH,C-
Polyol 1315 100 100 100 25 H;0(CH:CH;0),CH,CH,COH  (q=1-20)  and
Water 3 3 3 HOCH,;CH>OCH;CO>H.
Amine Al 0.1 0.1 . 005 - 3. A flexible polyurethane foam formulation as
Amine 33LV 1.4 14 07 - claimed in claim 2 wherein the polyether acid is
DBTL/RC2044 08 08 038 HO,CCHO(CH,CH,0),CH,CO,H (p=10-12).
Silicone RS 120 07 07 07 30 4. A flexible polyurethane foam formulation as
. . ’ 1' claimed in claim 1 wherein the polyether acid is present
Silicone SH 209 10 10 0 in amounts such that the number of carboxylic acid
Iso 80/20 TDI/MDI 100 100 100 groups present comprise between 10 and 80 mole% of
index ) the amine catalyst.
Polyglycollic Acid 0.4 — — 35 * x X ® X
40 -
45
50
55
60



